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FOREWORD 
(Nontechnical  summary) 

It  has  been  postulated  that  white  blood  cell  production  may,  in  part,  be  controlled 
by  low  molecular  weight  inhibitory  molecules  called  chalones.  The  chalone  by  defi¬ 
nition  is  produced  and  released  by  mature  white  cells  and,  in  turn,  inhibits  further 
production  of  ncwT  white  cells  in  a  reversible  manner.  Although  this  assumption  was 
theoretically  sound,  its  physiological  significance  in  the  production  of  white  cells  re¬ 
mained  to  be  demonstrated. 

The  purpose  of  this  investigation  was  to  test  the  specific  action  of  granulocyte 
chalone  in  a  closed  diffusion  chamber  culture  system  implanted  in  mice.  The  dif¬ 
fusion  chamber  system  would  provide  a  favorable  but  not  autonomous  internal  milieu 
for  white  blood  cell  production  which  would  proceed  at  a  rate  comparable  to  that  found 
normally  for  stimulated  growth  in  these  animals. 

The  chambers  are  made  with  cell  impermeable  Millipore  filters  glued  to  a  plas¬ 
tic  ring.  Chambers  are  sterilized,  detoxified,  filled  with  mouse  bone  marrow  cells 
and  then  implanted  intraperitoneally  in  host  mice.  Raw  granulocyte  chalones  were 
obtained  in  the  form  of  media  conditioned  for  20  hours  by  rat  white  cells  (2  x  107 /ml) 
at  37°C.  The  raw  white  cell  chalone  was  administered  to  host  mice  in  1.5-ml  aliquots 
at  5,  20,  24,  28,  44  and  48  hours  after  chamber  implantation. 

Chamber  cells  harvested  at  daily  intervals  illustrated  the  significant  inhibitory 
effect  of  chalone  treatment  on  white  blood  cell  production  during  the  early  phase  of 
culture.  The  total  number  of  chamber  cells  produced  per  stem  cell  was  reduced  by 
approximately  30  percent  due  to  the  inhibitory  action  of  granulocyte  chalone.  The 


iii 


reduction  of  granulocyte  progeny  may  be  the  result  of  chalone  acting  during  the  early 
phase  of  culture  to  reduce  the  active  growth  fraction  of  the  primitive  cells  from  which 
white  cells  are  derived  (progenitor  cells)  and  thereby  diminishing  the  amplification 
potential  inherent  in  the  initial  bone  marrow  cell  inoculum. 
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ABSTRACT 


Granulocyte  chalone  obtained  from  media  conditioned  by  rat  granulocytes  was 
tested  on  normal  and  vinblastine  treated  regenerating  mouse  marrow  placed  in  an 
in  vivo  diffusion  chamber  culture  system.  Raw  granulocyte  chalone  when  injected 
several  times  during  the  early  phase  of  culture  significantly  altered  the  cellular 
growth  pattern  as  well  as  the  parent-progeny  relationships  of  both  normal  and  re¬ 
generating  marrow  established  within  the  chamber  milieu.  The  total  number  of 
chamber  cells  (granulocytes  plus  macrophages)  produced  per  inoculated  stem  cell 
was  reduced  by  approximately  30  percent  due  to  the  action  of  granulocyte  chalone. 
The  reduction  of  granulocyte  progeny  may  be  the  result  of  chalone  acting  during 
the  early  phase  of  culture  to  reduce  the  active  growth  fraction  of  granulocyte  pro¬ 
genitor  cells  and  thereby  diminishing  the  amplification  potential  inherent  in  the 
initial  cell  inoculum. 
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I.  INTRODUCTION 


Recent  studies  have  indicated  that  granulopoiesis  may  be  controlled  in  part  by  a 

feedback  system  of  inhibitory  regulators.^’  ^°’  ^  Qne  such  regulator  may 

be  a  low  molecular  weight,  dialyzable  molecule  found  in  certain  animal  sera  and  in 

18  21  25-27  ..  26  27 

media  conditioned  by  normal  and  leukemic  cells.  *  *  Rytomaa  and  Kiviniemi 

have  suggested  that  this  regulator  may  represent  a  tissue-specific  class  of  inhibitor  or 
granulocyte  chalone  after  the  concept  introduced  by  Bullough  and  Laurence'"*  for  the 
epidermal  chalone.  While  the  case  for  the  epidermal  chalone  is  most  substantial, 
relatively  few  studies  have  dealt  with  the  granulocyte  chalone  and  specifically  its  reg¬ 
ulatory  role  in  in  vivo  granulopoiesis. 

«*  26  27  21 

Rytomaa  and  Kiviniemi  9  as  well  as  Paukovits  have  shown  that  chalones 

isolated  from  rat  sera,  calf  sera  and  media  conditioned  by  mature  granulocytes  will 

reduce  the  proliferation  of  granulocyte  precursors  in  m  vitro  liquid  culture  of  rat 

marrow  cells  in  a  tissue-specific  and  reversible  manner.  More  recently,  Benestad  et 
4 

al.  have  demonstrated  that  chalone  isolated  from  rat  granulocyte  conditioned  media 

3 

can  depress  the  cellular  uptake  of  H-thymidine  in  granulocyte  precursors  proliferat¬ 
ing  in  in  vivo  diffusion  chambers.  The  same  chalone  treatment  was  found  to  have  no 
effect  on  proliferating  rat  immunoblasts  and  macrophages,  suggesting  a  tissue-specific 
inhibitory  effect.  Although  these  results  indicated  a  reduced  proliferation  of  precursor 
cells,  the  cell  yield  per  chamber  following  chalone  treatment  was  not  reduced.  It  is 
possible  that  while  chalone  reduced  the  number  of  cells  entering  the  DNA  synthetic 
phase,  the  release  from  this  inhibition  resulted  in  a  shortened  cell  cycle  time  and 
additional  cell  divisions,  thereby  compensating  for  any  cellular  loss  due  to  treatment. 
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The  present  study  was  designed  to  examine  the  cell-specific  action  of  a  granulo¬ 


cyte  chalone,  obtained  from  the  m  vitro  incubation  of  rat  granulocytes,  on  the  number 
of  granulocyte  progeny  formed  per  inoculated  progenitor  cell  in  both  normal  and  re¬ 
generating  bone  marrow  implanted  in  m  vivo  diffusion  chambers. 

II.  MATERIALS  AND  METHODS 

Animals.  Diffusion  chamber  recipients  were  male  and  female  Swiss-Webster 
white  mice,  weighing  25-35  grams,  from  the  Walter  Reed  Army  Institute  of  Research 
colony.  Eight-  to  twelve-week-old  male  and  female  B6D2F^  hybrids  (C57BL/6J  x 
DBA/2J)  supplied  by  Jackson  Laboratory  and  bred  at  the  AFRRI  were  used  as  experi¬ 
mental  animals.  Sprague- Dawley  male  and  female  rats,  weighing  180-220  grams, 
were  used  for  the  collection  of  peritoneal  granulocytes  and  as  marrow  donors  in  the 
in  vitro  erythropoietin  response  test. 

The  m  vivo  colony  forming  assay  was  performed  with  syngeneic  B6D2F^  hybrid 

mice,  male  and  female,  8-12  weeks  old.  They  received  a  total  of  900  rads  in  midline 

60 

bilateral  exposures  from  the  AFRRI  Co  source  at  a  dose  rate  of  153.  8  rads/min. 

Drugs .  Diffusion  chamber  (DC)  recipients  were  pretreated  with  an  intravenous 
injection  of  250  mg/kg  cyclophosphamide  (Cytoxan,  Mead  Johnson)  24  hours  prior  to 
DC  implantation. 

Regenerating  bone  marrow  was  obtained  from  donor  mice  injected  intraperitone- 
ally  with  4  mg/kg  vinblastine  (Velban,  Eli  Lilly  and  Company)  3  days  prior  to  euthanasia 
for  inoculation  into  DC's  and  implantation. 

Granulocyte  chalone.  Control  solutions  used  against  the  granulocyte  chalone 
were  nonpyrogenic  saline  and  the  crude  aqueous  extracts  of  rat  spleen  and  thymus 
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obtained  as  described  by  Kiger.^  In  essence,  the  organs  were  removed  and  finely 
chopped  and  then  ground  in  2  volumes  of  distilled  water  (final  pH  6.5).  After  centri¬ 
fuging  at  20,  000  x  g  for  1  hour,  the  pellet  was  discarded  and  the  supernatant  dialyzed 
against  distilled  water.  After  dialysis,  the  extract  was  sterilized  by  Millipore  filtra¬ 
tion  and  stored  at  -70°C  until  used.  These  solutions  were  injected  in  the  same  regimen 
and  volumes  as  the  granulocyte  extract. 

Diffusion  chamber  technique.  Diffusion  chambers  were  made  from  Millipore 
filters  (Millipore  Corporation,  Bedford,  Massachusetts),  pore  size  0.22  pm,  diame¬ 
ter  13  mm,  glued  to  plastic  rings.  Each  chamber  was  tested  for  leaks  and  sterilized 

by  dry  heat.  Chambers  were  then  detoxified  according  to  the  method  described  by 
14 

Goodman  et  al.  by  placing  them  in  Hanks'  balanced  salt  solution  (HBSS)  with  5  per¬ 
cent  horse  serum  plus  antibiotics  at  4°C  for  24  hours  followed  by  a  change  to  fresh 
solution  24  hours  prior  to  implantation. 

Single  cell  marrow  suspensions  were  prepared  from  the  femora  of  several  mice 

in  the  tissue  culture  media  CMRL  1066  with  10  percent  fetal  calf  serum  (FCS)and  were 

o  4 

held  at  4  C  until  chamber  inoculation  in  100-pl  volumes  over  the  range  of  3  x  10  to 

5 

5.4  x  10  cells/chamber.  After  inoculation  each  chamber  was  sealed  with  hot  dental 

wax  and  held  in  CMRL  1066/10  percent  FCS  at  4°C  until  implantation.  Usually  two 

DC's  were  implanted  per  mouse  under  chloral  hydrate  or  ether  anesthesia.  At  various 

intervals,  after  implantation,  host  mice  were  euthanatized  (cervical  dislocation),  DCs 

removed  and  shaken,  unopened,  in  an  enzyme  solution  (0.5  percent  Pronase  B,  5  per- 

2 

cent  Ficoll  in  basal  medium  Eagle  pH  7.2)  as  described  by  Benestad  at  room 
temperature  for  50  minutes.  The  DC's  were  then  transferred  to  spinner  modified 
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HBSS/lO  percent  FCS  and  held  at  4°C  until  opened.  This  treatment  dissolves  the  cel¬ 
lular  clots  within  the  DC's  and  leaves  a  viable  cell  suspension  for  harvesting  and 
further  application.  The  chambers  were  each  washed  three  times  with  100  /il  of  spin¬ 
ner  modified  HBSS/lO  percent  FCS.  Cell  suspensions  were  dispersed  and  aliquots 
taken  for  smears  and  hemacytometer  counting. 

In  vitro  semisolid  agar  colony  forming  assay.  This  technique  is  as  described 
31  1 

by  Worton  et  al.  and  Austin  et  al.  with  the  substitution  of  a  single  layer  of  agar  for 

methylcellulose  as  the  supporting  medium.  CMRL  1066/10  percent  FCS  was  made  up 

double  strength  with  10  percent  trypticase  soy  broth  and  5  percent  horse  serum  and  was 

supplemented  with  30  /Lig/ml  of  L-asparagine  and  antibiotics.  The  cells  were  cultured 

5 

at  a  concentration  of  10  /dish  in  1-ml  volume  of  2  x  medium  and  previously  boiled 

0.6  percent  agar  (Difco,  Detroit,  Michigan)  mixed  1:1  just  prior  to  plating.  Mouse 

fibroblast  (L-929  cell)  conditioned  medium  at  10  percent  of  culture  volume  plus 

2  percent  deionized  bovine  serum  albumin  was  used  as  the  colony  stimulating  factor. 

Colonies  of  more  than  50  cells  were  counted  after  7  days  of  incubation. 

Granulocyte  chalone  was  added  in  several  concentrations  at  the  time  of  plating 

and  assayed  for  its  capacity  to  inhibit  colony  growth  at  the  end  of  the  7-day  period. 

The  inhibitory  effect  of  chalone  was  also  assayed  against  colony  stimulating  factor  (CSF) 

obtained  from  the  serum  of  endotoxin  treated  rats  and  mice.  Salmonella  typhosa  endo- 

22 

toxin  was  injected  intraperitoneally  into  mice  (50  Mg/.  1  ml)  and  rats  (200  Mg  T  ml) 
and  2  hours  later  the  animals  were  bled  by  cardiac  puncture  under  ether  anesthesia. 

The  serum  was  dialyzed  for  3  days  against  distilled  HgO  and  stored  at  -70°C  until  used. 
Chalone  activity  was  always  assayed  against  the  amount  of  CSF  which  exhibited  maxi¬ 
mum  stimulating  activity. 
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Proliferation  of  rat  marrow  cells  in  liquid  culture.  Single  cell  suspensions  of 


0 

rat  marrow  cells  (10  /ml)  in  IIBSS/20  percent  FCS  were  pipetted  into  petri  dishes 

(60  x  16  mm)  to  a  total  5-ml  volume.  Granulocyte  chalone  was  added  to  triplicate 

cultures  in  concentrations  from  0  to  50  percent  of  total  culture  volume.  The  control 

3  3 

cultures  received  nonpyrogenic  saline.  H-thymidine  (  H-TdR)  (Schwarz-Mann,  spe¬ 
cific  activity  6.  0  Ci/mM)  was  added  to  each  culture  dish  to  a  final  concentration  of 
1  fiC i/ml.  These  cultures  were  incubated  at  37°C  in  a  humidified  CO^  atmosphere 

3 

for  6  hours.  The  total  H-TdR  incorporated  was  determined  by  liquid  scintillation 
counting  of  the  previously  twice  washed  trichloroacetic  acid  (TCA)  precipitable  mate¬ 
rial  obtained  from  each  culture. 

Lymphocyte  response  to  PI1A.  Single  cell  mouse  spleen  suspensions  were 
brought  to  a  concentration  of  2  x  10^  nucleated  cells/ml  in  CMRL  1066/10  percent 
FCS.  Three-milliliter  aliquots  were  dispensed  to  sterile  glass  round  bottom  centri¬ 
fuge  tubes  with  0.02  ml  of  phytohemagglutinin  (PHAp)  (Difco)  added  to  each  experi¬ 
mental  tube.  Granulocyte  chalone  was  added  in  several  concentrations  and  assayed 
for  its  capacity  to  inhibit  the  lymphocytic  blastogenic  response.  Cells  were  incubated 

at  37°C  with  a  10  percent  C02  humidified  atmosphere.  Forty-two  hours  later  and  six 

3 

hours  before  harvest,  2.5  jaCi  of  H-TdR  were  added  to  each  tube.  Cellular  harvest  was 
performed  at  4°C,  and  the  radioactivity  in  each  cell  pellet  was  subsequently  determined 
in  the  5  percent  TCA  precipitable  material  obtained  after  two  successive  washes  at  4°C. 

Marrow  response  to  erythropoietin  in  vitro.  Single  cell  rat  bone  marrow  sus¬ 
pensions  were  brought  to  a  concentration  of  10^  nucleated  cells  per  ml  in  CMRL  1066/ 
10  percent  FCS  and  held  at  4°C.  Step  3  erythropoietin  (Connaught  Medical  Research 
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Laboratories,  Toronto,  Canada,  specific  activity  2-15  units/mg  protein)  was  dissolved 

in  CMRL  1066/50  percent  FCS  at  a  concentration  of  10  units/ml  and  stored  at  -70°C. 

59 

Fe  citrate  (New  England  Nuclear  Corporation,  Boston,  Massachusetts)  was  ob¬ 
tained  at  a  concentration  of  10  jig/ml  with  specific  activity  of  10  mCi/mg  and  preincu- 

1  7  9Q 

bated  with  autologous  rat  serum  as  a  source  of  transferrin.  ’  Erythropoietin  was 

0 

added  to  5-ml  cultures  (60  x  16  mm  petri  dish)  of  10  nucleated  cells/ml  to  provide  a 

59 

fixed  concentration  of  0.25  units/ml  of  culture.  Fe,  at  a  concentration  of  10  jiCi/ml  in 

CMRL  1066/50  percent  FCS,  was  added  to  each  culture  dish  in  a  volume  of  0. 1  ml  and 

further  incubated  for  12  hours,  after  which  the  cells  were  harvested  and  washed  twice 

59 

prior  to  determining  the  ‘  Fe  uptake  in  the  cell  pellet.  Granulocytic  chalone  was  added 
to  the  culture  plates  in  several  concentrations  at  initiation  of  culture  and  assayed  for 
its  capacity  to  inhibit  the  m  vitro  erythrocytic  response  to  erythropoietin. 

5 

Mouse  fibroblast  cultures.  Single  cell  suspensions  of  mouse  L-929  cells  (10  /ml) 

2  2 

were  inoculated  into  flasks  (Falcon  Plastic,  75  cm  and  25  cm  area)  in  Eagle's 
MEM/10  percent  FCS.  After  24  hours'  incubation  the  medium  was  changed  and  adher¬ 
ing  cells  washed  and  refed  with  fresh  medium  containing  20  percent  granulocyte 

extract.  Forty-eight  hours  after  inoculation  and  3  hours  before  harvest,  2  /uCi  of 
3 

Il-TdR  were  added  to  each  flask.  Following  incubation,  the  adhering  cells  were 

washed  twice  with  cold  (4°C)  HBSS,  trypsinized  and  harvested.  Single  cells  were 

counted,  viability  assessed  and  then  mixed  with  5  percent  TCA  to  obtain  the  acid  pre- 

0 

cipitable  material  for  radioactive  counting.  Results  are  expressed  as  cpm/10  cells. 
Viabilities  and  plating  efficiencies  were  also  determined  after  in  vitro  incubation  of 
single  cell  suspensions  with  various  chalone  concentrations  for  1  hour  at  37°C. 
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Statistical  methods.  Differences  between  experimental  means  were  tested  with 


the  Student's  ”tn  test.  Linear  regression  analysis,  by  the  method  of  least  squares, 
was  used  to  describe  the  data  on  cells  inoculated  versus  cells  harvested.  The  signifi¬ 
cance  of  differences  between  the  slopes  and  y-intercepts  describing  the  data  was 
determined  using  two-sided  Student's  "t"  test. 

III.  RESULTS 

Noncytotoxicity  of  granulocyte  chalone  preparation.  To  test  the  possibility  of  a 
cytotoxic  effect  of  the  granulocyte  chalone  preparation  on  sensitive  hematopoietic 
progenitor  cells,  suspensions  of  normal  and  regenerating  bone  marrow  were  preincu¬ 
bated  in  Eagle's  MEM/10  percent  FCS  with  various  concentrations  of  granulocyte 
chalone  for  1  hour  at  37°C.  Following  incubation,  the  cell  suspensions  were  washed 
twice  with,  and  resuspended  in,  Eagle's  MEM/10  percent  FCS  and  their  viability 
determined  with  trypan  blue  prior  to  assay  for  in  vivo  and  in  vitro  colony  forming 
cells  as  well  as  cell  growth  in  diffusion  chambers. 

Viability  of  the  total  marrow  suspension  as  well  as  the  incidence  of  various  pro¬ 
genitor  or  stem  cells  assayed  was  not  reduced  by  treatment  with  the  raw  chalone  in 
varying  concentrations  up  to  50  percent  of  the  culture  medium  (Table  I). 

In  vitro  assays  of  granulocyte  chalone  specificity  and  noncytotoxicity. 

3 

H-TdR  uptake  by  rat  marrow  cells.  The  inhibitory  activity  of  chalone 

3 

was  initially  assayed  by  its  ability  to  reduce  the  incorporation  of  H-TdR  into  rat  bone 
marrow  cells  in  vitro.  The  results  indicated  that  the  maximum  inhibition  of  DNA  syn¬ 
thesis  was  35.  2  percent  with  an  average  of  32  percent  occurring  over  a  range  of  chalone 
concentration  from  20  to  50  percent  (v/v)  (Table  II).  Increases  in  chalone  concentration 
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Table  I.  Effect  of  Preincubation  with  Granulocyte  Chalone  on  the  Incidence  of 
Progenitor  Cells  in  Mouse  Marrow 


Chalone* 

Viability 

Assay 

Mean  number  of  colonies  (±S.D.) 

(percent) 

(percent) 

A 

B 

C 

0 

88.7 

CFCt 

61+7 

147  ±  6 

139  1  11  NSD** 
133  +  7 

20 

91.8 

CFC 

59+8 

150  ±  9 

0 

88.9 

CFU* 

3.2  ±0.9 

20 

88.2 

CFU 

i\li\  - 

30 

91.4 

CFU 

50 

86.3 

CFU 

3.1  +  0.7 

0 

20 

91.3 

88.7 

CFUj^ 

cfur 

7. 0  +  2.  0 

7.1  +  2.4  NSD 

0 

83.8 

DCPC** 

7.69X  105  +  0.46 
7.62x10s  ±0.56 

50 

86.4 

DCPC 

0 

50 

76.  5 

74.7 

DCPCRtt 

DCPCR 

9.13X105 +  0.57 
9.09x10s  +  0.71 

*  0  percent  chalone  =  equivalent  amount  (v/v)  of  nonpyrogenic  saline 

t  CFC,  in  vitro  agar  colony  forming  cell  assa}'ed  with:  A.  Mouse  endotoxin  sera, 
B.  L  cell  CM,  and  C.  Rat  endotoxin  sera.  Colonies  per  105  cells. 

*  CFU,  in  vivo  spleen  colony  forming  unit.  Colonies  per  10^  marrow  cells. 

§  CFU-p,  regenerating  marrow  as  source  of  cells 

**DCPC,  in  vivo  diffusion  chamber  progenitor  cell.  Relative  number  indicated  by 
mean  chamber  cellularity  at  day  4  of  harvest. 

+  +  DCPCr,  regenerating  marrow  as  source  of  cells  for  chamber  inoculation 
**No  significant  difference  within  groups  due  to  chalone  treatment 


Table  II,  Effect  of  Increasing  Chalone  Concentration 
on  ^H-Thymidine  Uptake  by  Rat  Marrow 
in  Liquid  Culture 


Chalone 

concentration 
(percent  v/v) 

Mean  cpm  per  culture t 
(+  S.D.) 

Percent 

inhibition 

0* 

39,650  +  408 

Control 

10 

35,232  +  182 

11.3  p  <  .001 

20 

27,454  +  320 

30. 7  p  <  .0005 

30 

27,953  +  510 

29.  5 

40 

26,682  +  250 

32.7 

50 

25,639  +  270 

35.2 

*  Control  values  are  means  (+  S.D.)  of  cultures  containing 
equivalent  amount  of  nonpyrogenic  saline 
+  5-ml  rat  marrow  cultures  at  10^  cells/ml 
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beyond  20  percent  did  not  significantly  further  reduce  the  incorporation  of  H-TdR 
into  proliferating  cells. 

In  vitro  colony  forming  assay.  The  granulocyte  chalone  was  subse¬ 
quently  assayed  for  its  capacity  to  block  the  action  of  colony  stimulating  factors 
from  three  different  sources  in  the  m  vitro  agar  system  using  mouse  marrow 
target  cells.  Table  III  shows  that  the  presence  of  rat  granulocyte  chalone  (10  per¬ 
cent  v/v)  caused  a  50  to  71  percent  reduction  in  the  total  number  of  colonies 
formed. 


Table  III.  Effect  of  Granulocyte  Chalone  on  Agar  Colony  Formation 


CSF  source* 

Mean  colony  number* 

Percent 

inhibition 

Control 

CSF 

CSF  +  chalone* 

Rat  endotoxin  serum 

123  +  9 

47+6 

63.3 

Mouse  endotoxin  serum 

63  ±  5 

20+5 

70.5 

Mouse  L  cell  CM 

167  ±  11 

84+7 

49.7 

*  Colonies  per  10^  mouse  marrow  cells  (+S.D. )  average  of  five 
replicate  experiments 

t  CSF  preparation,  see  Methods 

*  Chalone  at  a  concentration  of  10  percent  (v/v)  of  culture  medium 


Lymphocyte  response  to  PHA,  rat  marrow  response  to  erythropoietin, 
proliferation  of  mouse  fibroblasts.  On  the  other  hand,  Table  IV  shows  that  the  gran¬ 
ulocyte  chalone  at  a  concentration  of  20  percent  of  culture  volume  did  not  signifi¬ 
cantly  reduce  the  lymphocytic  response  to  PHAp,  using  both  rat  and  mouse  spleen 

cell  suspensions  and  the  fasted  rat  marrow  response  to  erythropoietin,  as  measured 
3  59 

by  total  H-TdR  and  Fe  cellular  uptake  respectively.  In  addition,  chalone  did  not 
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3 

significantly  affect  viability,  plating  efficiency  or  H-TdR  uptake  of  proliferating 
mouse  L-929  cells  in  monolayer  culture  (Table  IV). 


Table  IV.  Effect  of  Chalone  on  the  Lymphocytic  Response  to  PHA, 
Rat  Marrow  Response  to  Erythropoietin,  and  Prolifera¬ 
tion  of  Mouse  L  Cells  in  Vitro 


Mean  cpm  per  culture* 

(+S. 

•  D. ) 

Rat  spleen  +  Saline 

22,790  + 

758 

NSD+ 

Rat  spleen  +  Chalone 

23,410  + 

710 

Rat  spleen  +  PHA  +  Saline 

77,900  +  1, 

195 

NSD  j 

Rat  spleen  +  PHA  +  Chalone 

76,260  ± 2, 

115 

!  Mouse  spleen  +  Saline 

654  ± 

48 

NSD 

Mouse  spleen  +  Chalone 

644  ± 

51 

Mouse  spleen  +  PIIA  +  Saline 

6,331  + 

723 

NSD 

Mouse  spleen  +  PHA  +  Chalone 

6,451  ± 

825 

Ratb.m.  +  Saline 

1,811  + 

494 

NSD 

Rat  b.  m.  +  Chalone 

1,695  + 

287 

Ratb.m.  +  Ep.  +  Saline 

3,932  + 

272 

NSD 

Ratb.m.  +  Ep.  +  Chalone 

3,703  + 

216 

Mouse  L  cells  +  Saline 

30,458  ±  1, 

208 

p  <  .  05 

Mouse  L  cells  +  Chalone 

32,614  +  2, 

516 

3  6 

*  Mean  values  of  H-TdR  uptake  by  rat  (6  x  10  )  and_mouse 
(6  x  10®)  spleen  cells  and  mouse  L  cells  (10®)  and  ®^Fe 
uptake  of  rat  bone  marrow  cells  (5  x  10®).  Five  replicate 
experiments . 

t  No  significant  difference  due  to  chalone  treatment 


Effect  of  chalone  on  growth  of  mouse  bone  marrow  cells  implanted  within 
diffusion  chambers.  Normal  mouse  bone  marrow  cells  in  diffusion  chambers  were 
implanted  in  host  animals  and  subsequently  subjected  to  a  regimen  of  granulocyte 
chalone  injections  designed  to  alter  the  proliferative  capacity  of  the  granulocyte  pro¬ 
genitor  and  precursor  cells  replicating  during  the  period  of  initial  chamber  growth. 


10 


Normal  marrow.  Figure  1  shows  that  granulocyte  chalone  significantly 


depressed  growth  of  cells  in  the  chambers  when  injected  intraperitoneally  in  1.  5-ml 
aliquots  as  early  as  5  hours  after  implantation  and  thereafter  at  20,  24  and  28  hours 
during  the  1st  day  and  at  44  and  48  hours  during  the  2nd  day  of  culture.  Chamber 
growth  in  normal  nonregenerating  marrow  was  depressed  throughout  the  period  of 
treatment  to  approximately  58  percent  of  the  initial  inoculum  at  day  2  of  culture, 
while  control  treated  cultures  had  already  initiated  exponential  growth  beyond  day  1. 


DAYS  OF  CULTURE  AFTER  IMPLANTATION 
OF  DIFFUSION  CHAMBERS 

Figure  1.  The  effect  of  chalone  injections  on  the  growth  of  cells 
(granulocytes  and  macrophages)  in  diffusion  chambers 
inoculated  with  1.  5  x  10°  normal  bone  marrow  cells. 
Results  of  five  replicate  experiments.  Number  of 
chambers  harvested  for  each  mean  value  (±  SEM) 
indicated  in  parentheses. 
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Cessation  of  chalonc  injections  resulted  in  a  phase  of  rapid  growth  and  cell  recovery 
to  values  within  70  percent  of  control  by  the  3rd  day  of  culture.  During  this  recovery 
or  rebound  phase,  the  chalonc  treated  cells  increased  2.  7-fold  with  a  doubling  time  of 
16.  8  hours  while  control  treated  cells  had  only  increased  2.  2-fold,  doubling  every 
20.8  hours.  Thereafter,  from  days  3  through  5,  the  growth  rates  were  similar  for 
both  groups.  However,  the  average  cellularity  (proliferative  and  nonproliferative 
granulocytes  and  macrophages)  through  day  6  of  culture  remained  significantly  lower 
for  chalone  treated  chambers,  as  compared  with  controls  (p<0.  001). 

In  addition,  it  was  noted  that  single,  daily  1.  5-ml  injections  of  the  chalonc 
preparation  had  no  effect  on  chamber  cellularity  when  injected  from  days  1  through  4 
after  implantation. 

Regenerating  marrow.  Figure  2  shows  the  similar  pattern  of  inhibition 
and  recovery  observed  with  chalone  treated  regenerating  marrow.  Note  that  regener¬ 
ating  marrow  in  diffusion  chambers  showed  an  immediate  exponential  growth  without 
the  lag  period  seen  with  normal  marrow.  Chalone  injected  over  the  same  regimen  as 
with  normal  marrow  slowed  the  initial  24-hour  rapid  growth  phase  (14.  4  hours  to 
20.  6  hours  doubling  time)  seen  with  control  treated  cultures  and  resulted  in  a  marked 
48  percent  deficit  in  total  cellularity  at  day  2  of  culture.  Upon  cessation  of  chalone 
treatment,  this  cellular  deficit  was  diminished  by  a  rebound  phase  with  an  approxi¬ 
mate  16-hour  doubling  time  during  the  subsequent  24-hour  period,  as  compared  with 
a  22-hour  value  for  the  control  treated  cells. 

Effect  of  granulocyte  chalone  on  chamber  cellularity.  The  granulocyte  chalone, 
as  administered  in  our  system,  reduced  the  quantitative  but  not  linear  relationship 
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DAYS  OF  CULTURE  AFTER  IMPLANTATION 
OF  DIFFUSION  CHAMBERS 

Figure  2.  The  effect  of  chalone  on  the  growth  of 
granulocytes  and  macrophages  in  diffu¬ 
sion  chambers  inoculated  with  5x10^  re¬ 
generating  bone  marrow  cells.  Results 
of  a  duplicate  experiment  with  a  total  of 
20  chambers  for  each  mean  value  (±SEM). 
See  text  for  pretreatment. 


established  within  the  milieu  of  the  control  treated  chambers  between  the  size  of  the 
marrow  inoculum  (and  therefore  progenitor  cell  content)  and  the  number  of  granulo¬ 
cyte  and  macrophage  progeny  formed  by  day  4  of  culture  over  the  range  of  inoculum 
4  5 

size  from  3x10  to  5.  4  x  10  cells.  Statistical  comparison  of  the  linear  regression 
lines  in  Figure  3  showed  that  while  chalone  treatment  did  not  significantly  affect  the 
linearity  within  marrow  groups  (normal  and  regenerating)  the  amount  of  granulocytic 
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progeny  formed  was  indeed  significantly  reduced  in  both  marrow  groups  over  the  cell 


dose  range  studied  (p<  0.001). 


BONE  MARROW  CELLS  INOCULATED  PER  CHAMBER 


Figure  3.  The  number  of  bone  marrow  cells  inoculated,  normal  and  regenerating, 
versus  the  mean  number  of  granulocytes  plus  macrophages  harvested  at 
day  4  of  culture  (±SEM).  The  regression  lines  for  regenerating  marrow 
are  described  by  the  equations  y  =  (27.099)  x  0^86  anc|  y  _  (17.299)  x 
for  control  and  chalone  treated  groups  respectively  (respective  correlation 
coefficients  0.913  and  0.880).  Normal  marrow  relationships  are  described 
by  y  —  (4.703)  x  1-070  ancj  y  „  (3.123)  x  ^*^^1  for  COntrol  and  chalone  treated 
groups  respectively  (respective  correlation  coefficients  0.963  and  0.950). 


Table  V  shows  the  reduced  number  of  granulocytic  (proliferative  and  nonprolifer¬ 
ative)  progeny  formed  both  per  stem  cell  (CFU)  and  marrow  cell  inoculated  as  a  result 
of  chalone  treatment  of  both  normal  and  regenerating  marrow.  Chalone  reduced  the 
number  of  progeny  formed  at  day  4  of  culture  by  approximately  30  percent  in  both 

cases.  The  number  of  granulocytes  formed  per  CFU  with  normal  marrow  inocula  was 

3  3 

reduced  from  12.6  x  10'  to  8.  6  x  10'  while  for  regenerating  marrow  the  values  de- 

3  3 

creased  from  35.  3  x  10'  to  22.  8  x  10  . 


Table  V.  Effect  of  Chalone  on  the  Number  of  Granulocyte  Progeny  Formed 
per  Stem  Cell  (CFU)  and  per  Marrow  Cell  Inoculated 


Marrow 

inoculum 

Treatment 

Granulocyte  progeny* 
per  CFU  inoculated 

Percent 

reduction 

Granulocyte  progeny  per 
marrow  cell  inoculated 

Control 

12.  6x  103 

4.2 

Normal 

O 

30.0 

Chalone 

8.  6x  1(T 

2.8 

Control 

35. 3x  103 

25 

Regenerating 

Q 

30.0 

Chalone 

22. 8x  l(r 

16 

*  Granulocytes  (proliferative  plus  nonproliferative)  harvested  at  day  4  of  culture 


IV.  DISCUSSION 

The  results  of  our  experiments  indicated  the  presence  of  an  inhibitor  or  chalone 
in  the  granulocyte  conditioned  medium  which  exerted  a  tissue-specific,  noncytotoxic 
and  species  nonspecific  inhibitory  effect  on  both  in  vitro  and  in  vivo  granulopoiesis  in 
diffusion  chamber  cultures. 

The  granulocyte  chalone,  by  definition,  should  inhibit  only  granulocytic  precur¬ 
sor  cells  from  entering  the  DNA  synthetic  phase  while  proliferation  in  other  hemato- 

26  27  .  3 

poietic  cell  lines  continues.  Rytomaa  and  Kiviniemi  ’  using  H-TdR  uptake  in 
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combination  with  autoradiography  of  rat  marrow  cells  in  liquid  culture  have  shown  that 


an  inhibitor  present  in  their  granulocyte  extract  can  selectively  depress  the  prolifera¬ 
tion  of  granulocyte  precursor  cells  while  leaving  unaffected  the  remaining  proliferative 

21 

cell  types.  Paukovits  has  reported  on  a  chalone  isolated  from  calf  serum  which  also 
selectively  reduced  proliferation  of  granulocytic  cells  in  normal  marrow  culture.  Our 
initial  m  vitro  assay  of  the  chalone  preparation  showed  a  similar  partial  inhibition  of 
total  DNA  synthesis  in  normal  marrow.  Furthermore,  in  vitro  experiments  clearly 
showed  that  the  chalone  preparation  had  no  significant  effect  on  the  splenic  response  to 
PHA,  the  rat  marrow  response  to  erythropoietin  or  the  proliferation  of  mouse  L-929 
cells  in  monolayer  culture.  A  large  inhibitory  effect  on  these  cellular  responses 
would  have  indicated  the  presence  of  indiscriminate  toxins  or  inhibitors  leading  to 
reduced  proliferation  of  all  cell  types.  Also,  short-term  preincubation  of  marrow 
suspensions  with  the  chalone  preparation  failed  to  reduce  the  number  of  sensitive  stem 
and  progenitor  cells.  The  same  granulocyte  extract,  however,  markedly  reduced  the 
formation  of  in  vitro  agar  granulocytic  colonies. 

This  result  is  consistent  with  the  results  reported  by  others-*--*-’  -*-®»  18-20,  28 

describing  the  action  of  both  dialyzable  and  nondialyzable  molecules  found  in  some 
sera  and  in  media  conditioned  by  spleen,  bone  marrow,  granulocyte  and  leukemic  cells 
capable  of  blocking  the  in  vitro  action  of  CSF  in  agar  culture. 

While  these  studies  have  demonstrated  the  m  vitro,  tissue-specific  action  of  the 
inhibitory  factors,  their  role  in  m  vivo  granulopoiesis  remains  to  be  demonstrated. 

Our  subsequent  experiments  were  designed  to  test  the  tissue-specific  action  of 
granulocyte  chalone  in  diffusion  chamber  culture,  a  closed  cellular  system  which 
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provides  a  favorable,  but  not  autonomous,  in  vivo  milieu  for  myelopoiesis.  Our 
results  demonstrated  that  granulocyte  ehalone,  when  repeatedly  injected  during  the 
early  phase  of  culture,  altered  the  cellular  growth  pattern  as  well  as  the  parent- 
progeny  relationship  established  within  the  ehamber  environment  with  both  normal 
and  regenerating  marrow  inoeula.  The  effectiveness  of  the  granuloeytic  ehalone 
when  administered  during  the  early  phase  of  culture  was  most  likely  dependent  on 
its  ability  to  reduce  the  active  growth  fraction  of  granulocytic  progenitor  and  pre¬ 
cursor  eells  relative  to  eontrol  cultures,  thereby  diminishing  the  amplification 

potential  inherent  in  the  initial  cell  inoculum. 

4 

Benestad  et  al.  have  reecntly  used  the  diffusion  ehamber  system  to  illustrate 

the  in  vivo  inhibitory  aetion  of  a  ehalone  preparation  on  proliferating  granulocyte 

precursors  5  days  after  the  initiation  of  chamber  culture*  Their  granulocyte 

extract,  when  injeeted  two  to  three  times  into  the  host  mice,  significantly  reduced 
3 

'  Il-TdR  uptake  into  proliferating  granulocytes  while  having  no  effect  on  proliferating 
immunoblasts  and  macrophages.  Although  their  data  indicated  a  reduced  prolifera¬ 
tion  of  the  granuloeytie  precursor  pool,  there  was  no  reduction  in  granulocyte  yield 
following  ehalone  treatment.  It  is  possible  that  the  reduced  proliferation  was  com¬ 
pensated  for  by  shortened  cell  eyele  parameters  and  additional  divisions  following 
release  from  the  inhibitory  effect  of  the  ehalone;  whereas,  in  our  system,  the  com¬ 
pensatory  proliferation  following  cessation  of  ehalone  treatment  could  not  equal  the 
eellular  production  of  eontrol  chambers  because  ehalone,  injected  during  the  early 
phase  of  eulture,  inhibited  the  growth  of  the  progenitor  pool  at  a  time  when  its 
proliferative  potential  was  being  established  within  the  ehamber  milieu. 
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The  importance  of  events  taking  place  during  the  initial  48  hours  of  culture  has 
3  5  —  8  8 

been  well  documented.  ’  Breivik  et  al.  ,  using  chamber  to  chamber  transfers  in 

nonpretreated  hosts,  have  illustrated  the  "rapid  increase  of  functioning  progenitor 

cells  between  the  first  and  second  day  of  culturing.  "  The  reduction  of  this  effect 

through  the  use  of  hydroxyurea  confirmed  the  increased  proliferative  state  of  the  pro- 

3 

genitor  cells.  In  addition,  Benestad  has  shown  through  the  use  of  cell  cycle  specific 

drugs  that  a  significant  number  of  chamber  cells  in  nonpretreated  hosts  had  entered 

the  S-phase  within  18  hours  of  implantation. 

6 

Boyum  et  al.  using  preirradiation  of  chamber  hosts  in  combination  with  transfer 

of  chambers  to  nonpretreated  hosts  have  shown  significantly  enhanced  granulopoiesis 

in  response  to  increased  stem  and  progenitor  cell  self-renewal  during  the  early  phase 

30 

of  culture.  Tyler  et  al.  have  also  shown  a  sustained  differential  growth  of  myeloid 

elements  as  well  as  stem  cells  in  neutropenic,  Cytoxan  pretreated  hosts. 

23  24 

These  results  and  others  ’  suggested  that  the  potential  for  proliferation  and 
amplification  of  the  stem  and  granulocyte  progenitor  cell  populations  is  rapidly  estab¬ 
lished  within  the  early  phase  of  chamber  culture  in  a  milieu  conditioned  by  the 
presence  of  diffusible  growth  factors.  It  was  reasoned,  therefore,  that  the  chalone 
would  be  most  effective  when  administered  during  this  phase  of  chamber  culture. 

In  the  present  study,  it  was  shown  that  the  early  administration  of  chalone  re¬ 
duced  granulocyte  progenitor  cell  self-replication  and  prevented  an  increase  in  the 
active  growth  fraction,  which  was  necessary  for  full  precursor  amplification,  under 
the  differentiative  stress  established  within  the  Cytoxan  pretreated  hosts.  It  is  also 
possible  that  a  relative  reduction  in  the  active  growth  fraction  could  have  occurred 
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through  a  premature  differentiation  of  the  chalone  blocked  progenitor  cells.  The 
retardation  of  division  over  a  critical  length  of  time  may  allow  expression  of  tis¬ 
sue  functional  genes  directing  differentiation  with  subsequent  loss  of  amplification 

10,13 

inherent  in  the  system. 
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